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ABSTRACT
purpose. To evaluate radiological and clinical 
outcome of minimally invasive plate osteosynthesis 
(MIPO) for tibial plateau fractures.
Methods. 35 men and 6 women aged 19 to 75 (mean, 
40; standard deviation [SD], 14) years underwent 
MIPO for displaced tibial plateau fractures. According 
to the Schatzker system, the tibial plateau fractures 
were classified as types I (n=3), II (n=9), III (n=11), 
IV (n=6), V (n=7), and VI (n=5). Six patients had 
open fractures; 2 of them underwent debridement 
before MIPO. 10 patients needed additional bone 
grafting. Radiological (at immediate postoperation) 
and clinical (at the 12-month follow-up) assessments 
based on the Rasmussen anatomic and functional 
scoring system were recorded using a proforma. 
Patients with acceptable and unacceptable outcomes 
were compared in terms of age.
results. The mean Rasmussen anatomic score was 
15.1 (SD, 2.2; range, 10–18); the mean Rasmussen 
functional score was 25.3 (SD, 3.2; range, 14–29); and 
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the mean range of knee motion was 118º (SD, 10º; 
range, 90º–140º). Anatomic outcome was excellent in 
10, good in 28, and unacceptable in 3 patients (one 
each had Schatzker type-I, -II, and -III fractures). 27 
(71%) of the 38 patients with acceptable anatomic 
outcome were aged ≤45 years, whereas 2 (67%) of 
the 3 patients with unacceptable anatomic outcome 
were aged ≥60 years (p=0.001). Functional outcome 
was excellent in 18, good in 19, and unacceptable in 4 
patients (2 had Schatzker type-III and another 2 had 
Schatzker type-I or -II fractures). 37 of the patients 
had a range of knee motion of ≥120º; 27 (73%) of 
them were age d ≤45 years, whereas 3 (75%) of the 4 
patients with unacceptable functional outcome were 
aged ≥60 years (p=0.001).
conclusion. MIPO for tibial plateau fractures 
achieved good outcome with minimal soft-tissue 
complications. Older age was the predictor of 
unacceptable outcome. 
Key words: bone plates; surgical procedures, minimally 
invasive; tibial fractures
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introduction
Tibial plateau fractures affect knee function and 
stability.1 They were first described as car bumper 
fractures.2 Mostly they were caused by high-speed 
motor vehicle accidents, followed by falls from 
heights.3 Tibial plateau fractures can be classified 
according to severity of comminution, soft-
tissue disruption, articular depression, condylar 
displacement, metadiaphyseal fracture extension, 
open wounds, and extensive closed degloving 
injuries.4,5 The Schatzker classification is most widely 
used for preoperative planning.6,7
 Both conservative and operative treatments have 
achieved good results for tibial plateau fractures.8,9 
Surgical treatment is recommended for fractures 
with >5 mm displacement or >5º varus or valgus in 
order to restore joint congruity and limb alignment 
and enable early knee mobilisation.1,10,11 Open 
reduction and internal fixation (ORIF) with plates 
and screws enables fracture visualisation, reduction, 
and fixation, but results in substantial soft-tissue 
dissection and risks wound breakdown, stiffness, 
and deep infection.12 The small wire external fixator 
avoids such problems, but risks non-union and 
pin tract infections.13,14 Minimally invasive plate 
osteosynthesis (MIPO) improves the healing rate 
by minimising disruption of soft tissues (including 
periosteum) and preserving vascular supply at the 
fracture site.15,16
 The goals of treatment are to restore joint 
congruity and limb alignment.17 Functional outcome 
depends mainly on range of knee motion and strength 
of the quadriceps. Knee stiffness is more clinically 
relevant than instability in tibial plateau fractures.18 
We evaluated radiological and clinical outcomes of 
MIPO for tibial plateau fractures.
Materials and Methods
Between March 2008 and March 2010, 35 men and 6 
women aged 19 to 75 (mean, 40; standard deviation 
[SD], 14) years underwent MIPO for displaced tibial 
Figure Schatzker	(a)	type-II	and	(b)	type-V	tibial	plateau	fractures	fixed	with	minimally	invasive	plate	osteosynthesis.
(a)
(b)
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plateau fractures. Patients with neurological injury, 
other fractures in the ipsilateral or contralateral lower 
limb, open fractures other than Gustilo type I, or 
mental/physical handicap were excluded. Informed 
consent of each patient was obtained. 
 According to the Schatzker system, the tibial 
plateau fractures were classified as types I (n=3), II 
(n=9), III (n=11), IV (n=6), V (n=7), and VI (n=5). Six 
patients had open fractures; 2 of them underwent 
debridement and then MIPO after confirmation of no 
growth in tissue cultures 72 hours later. 10 patients 
needed additional bone grafting. 
 Radiography and computed tomography with 
3-dimensional reconstruction (for complex injuries) 
were obtained to identify the size, location, and extent 
of articular depression of fracture fragments (Fig.). 
 Patients were positioned supine on a radiolucent 
table. The ipsilateral iliac crest was prepared and 
draped for possible autogenous bone grafting. 
Perioperative intravenous antibiotics were 
administered. Articular fractures were reduced 
indirectly by a reduction forceps under fluoroscopic 
guidance and by ligamentotaxis using a femoral 
distractor with a proximal pin in the distal femur 
and a distal pin in the tibia (distal to the fracture). 
For centrally depressed articular fragments (when 
reduction was not feasible by ligamentotaxis), a 
window through the cortical bone was made in the 
subchondral metaphyseal region. The cavity was 
filled with cancellous autologous bone grafts. 
 A stainless steel 4.5-mm L plate or T buttress plate 
of an appropriate length was precontoured, according 
to the fracture site. An incision of 2 to 3 cm over the 
proximal aspect of the tibia on the medial, lateral, or 
both sides was made, according to the fracture site 
and the use of single or double plates. A submuscular 
plane was created and the plate was slid in the 
anterior submuscular plane. The plate was then fixed 
with screws, which were inserted percutaneously 
through the primary surgical incisions. In few 
patients, separate cancellous or cannulated screws 
were inserted.
 Postoperatively, the limbs were protected in a 
knee brace for 2 weeks until subsidence of swelling 
and removal of stitches. Active and passive range-
of-motion exercises were allowed to prevent knee 
stiffness and to strengthen the quadriceps. Non-
weight bearing walking with crutches or walker 
was allowed for 6 weeks. Partial weight bearing was 
allowed according to fracture healing and patient 
compliance. At week 12, full weight bearing was 
allowed as tolerated. 
 Radiological (at immediate postoperation) and 
clinical (at the 12-month follow-up) assessments 
based on the Rasmussen anatomic and functional 
scoring system were recorded using a proforma. For 
the anatomic score, 18 was considered as excellent, 
12 to 17 as good, and <12 as unacceptable. For the 
functional score, 27 to 30 was considered as excellent, 
20 to 26 as good, and <20 as unacceptable. Patients 
with acceptable and unacceptable outcomes were 
compared in terms of age using the Chi squared test 
or Fisher’s exact test.
results
The mean operating time was 113 (SD, 28; range, 65–
180) minutes; the mean length of hospital stay was 
3.8 (SD, 1.5; range, 2–7) days; the mean Rasmussen 
anatomic score was 15.1 (SD, 2.2; range, 10–18); the 
mean Rasmussen functional score was 25.3 (SD, 3.2; 
range, 14–29); and the mean range of knee motion 
was 118º (SD, 10º; range, 90º–140º) [Tables 1 and 
2]. Anatomic outcome was excellent in 10, good in 
28, and unacceptable in 3 patients (one each had 
Schatzker type-I, -II, and -III fractures). 27 (71%) of 
the 38 patients with acceptable anatomic outcome 
were aged ≤45 years, whereas 2 (67%) of the 3 
patients with unacceptable anatomic outcome were 
aged ≥60 years (p=0.001). Functional outcome was 
excellent in 18, good in 19, and unacceptable in 4 
patients (2 had Schatzker type-III and another 2 had 
Schatzker type-I or -II fractures). 37 of the patients 
had a range of knee motion of ≥120º; 27 (73%) of 
them were aged ≤45 years, whereas 3 (75%) of the 4 
patients with unacceptable functional outcome were 
aged ≥60 years (p=0.001). 
discussion
MIPO enables indirect fracture reduction and 
percutaneous submuscular implant placement.19 
Schatzker 
type
No. of 
patients 
(n=41)
No. (%) of patients
Acceptable 
anatomic 
outcome
Acceptable 
functional 
outcome
I 3 2	(5) 2	(5)
II 9 8	(20) 8	(20)
III 11 10	(24) 9	(22)
IV 6 6	(15) 6	(15)
V 7 7	(17) 7	(17)
VI 5 5	(12) 5	(12)
Table 1
Patient distribution according to fracture types and 
outcomes
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Sex/age (years) Rasmussen scoring system Range of knee 
motion (degree)Anatomic score Anatomic outcome Functional score Functional outcome
Schatzker	type-I	fracture
M/60 18 Excellent 24 Fair 120
M/28 14 Good 26 Good 120
M/63 16 Good 21 Good 90
Schatzker	type-II	fracture
F/45 18 Excellent 28 Excellent 120
F/45 18 Excellent 28 Excellent 120
M/40 18 Excellent 27 Excellent 120
M/28 18 Excellent 27 Excellent 130
M/46 18 Excellent 28 Excellent 120
M/49 14 Good 22 Good 120
M/38 14 Good 26 Good 120
M/29 14 Good 27 Excellent 120
M/75 10 Fair 14 Fair 90
Schatzker	type-III	fracture
M/31 18 Excellent 29 Excellent 120
M/27 12 Good 26 Good 120
F/42 14 Good 25 Good 120
F/42 14 Good 25 Good 120
M/27 12 Good 26 Good 120
M/39 16 Good 24 Good 120
M/54 16 Good 25 Good 140
M/69 14 Good 19 Fair 90
M/32 14 Good 26 Good 120
M/24 15 Good 27 Excellent 130
M/27 10 Fair 18 Fair 120
Schatzker	type-IV	fracture
M/41 18 Excellent 25 Good 120
M/32 16 Good 22 Good 120
M/27 14 Good 25 Good 120
M/40 14 Good 28 Excellent 120
M/61 16 Good 23 Good 120
F/26 15 Good 25 Good 120
Schatzker	type-V	fracture
M/31 18 Excellent 28 Excellent 130
M/35 14 Good 28 Excellent 120
M/35 14 Good 28 Excellent 120
M/19 16 Good 29 Excellent 120
M/29 12 Good 28 Excellent 120
M/19 14 Good 28 Excellent 120
F/54 14 Good 26 Good 120
Schatzker	type-VI	fracture
M/35 18 Excellent 28 Excellent 120
M/50 16 Good 27 Excellent 120
M/50 16 Good 27 Excellent 120
M/48 12 Good 20 Good 90
M/50 15 Fair 26 Good 120
Table 2
Rasmussen anatomic and functional scores
Favourable outcome is not due to MIPO but less 
extensive dissection of soft-tissue envelope and 
devitalisation of fracture fragments. In a study of 
ORIF, 20% of patients developed superficial or deep 
infections despite acceptable functional outcome.20 
In our study, all patients had fracture healing with 
no wound dehiscence or infection, except for one 
who had a closed type-III fracture that developed 
late-onset (at month 5) deep infection, which was 
treated with debridement and plate removal. MIPO 
results in lower incidence of soft-tissue problems 
and complications and achieves better outcome than 
ORIF does.21–24
 93% of our patients achieved acceptable anatomic 
(reduction) outcome, which was comparable to 
other studies reporting 91%25 to 100%.15 90% of our 
patients achieved acceptable functional outcome, 
which was comparable to other studies reporting 
46	 H	Raza	et	al.	 Journal of Orthopaedic Surgery
REFERENCES
 1.	 Egol	KA,	Koval	KJ.	 Fractures	of	 the	proximal	 tibia.	 In:	Bucholz	RW,	editor.	Rockwood	and	Green’s	 fractures	 in	 adults.	
Philadelphia:	Lippincott	Williams	&	Wilkins;	2006:1999–2029.
	 2.	 Cotton	FB.	Fender	fracture	of	the	tibia	at	the	knee.	N	Engl	J	Med	1929;201:989.	
	 3.	 Segal	D,	Mallik	AR,	Wetzler	MJ,	Franchi	AV,	Whitelaw	GP.	Early	weight	bearing	of	 lateral	 tibial	plateau	 fractures.	Clin	
Orthop	Relat	Res	1993;294:232–7.
	 4.	 Berkson	EM,	Virkus	WW.	High-energy	tibial	plateau	fractures.	J	Am	Acad	Orthop	Surg	2006;14:20–31.
	 5.	 Watson	JT.	High-energy	fractures	of	the	tibial	plateau.	Orthop	Clin	North	Am	1994;25:723–52.
	 6.	 Dirschl	DR,	Dawson	PA.	Injury	severity	assessment	in	tibial	plateau	fractures.	Clin	Orthop	Relat	Res	2004;423:85–92.
	 7.	 Watson	J,	Schatzker	J.	Tibial	plateau	fractures.	In:	Browner	DB,	editor.	Skeletal	trauma.	Philadelphia:	Saunders;	2008:2074–
130.
	 8.	 DeCoster	TA,	Nepola	JV,	el-Khoury	GY.	Cast	brace	treatment	of	proximal	tibia	fractures.	A	ten-year	follow-up	study.	Clin	
Orthop	Relat	Res	1988;231:196–204.
	 9.	 Stokel	EA,	Sadasivan	KK.	Tibial	plateau	fractures:	standardized	evaluation	of	operative	results.	Orthopedics	1991;14:263–
70.
10.	 Blokker	CP,	Rorabeck	CH,	Bourne	RB.	Tibial	plateau	fractures.	An	analysis	of	the	results	of	treatment	in	60	patients.	Clin	
Orthop	Relat	Res	1984;182:193–9.
11.	 Stevens	DG,	Beharry	R,	McKee	MD,	Waddell	JP,	Schemitsch	EH.	The	long-term	functional	outcome	of	operatively	treated	
tibial	plateau	fractures.	J	Orthop	Trauma	2001;15:312–20.
12.	 Lachiewicz	PF,	Funcik	T.	Factors	influencing	the	results	of	open	reduction	and	internal	fixation	of	tibial	plateau	fractures.	
Clin	Orthop	Relat	Res	1990;259:210–5.
13.	 Khan	MA,	Khan	SW,	Qadir	RI.	Role	of	external	fixator	in	the	management	of	type	II	and	III	open	tibial	fractures.	J	Postgrad	
Med	Inst	2004;18:12–7.	
14.	 Ali	AM,	Burton	M,	Hashmi	M,	Saleh	M.	Outcome	of	complex	fractures	of	the	tibial	plateau	treated	with	a	beam-loading	
ring	fixation	system.	J	Bone	Joint	Surg	Br	2003;85:691–9.
15.	 Oh	JK,	Oh	CW,	Jeon	IH,	Kim	SJ,	Kyung	HS,	Park	IH,	et	al.	Percutaneous	plate	stabilization	of	proximal	tibial	fractures.	J	
Trauma	2005;59:431–7.
16.	 Farouk	 O,	 Krettek	 C,	 Miclau	T,	 Schandelmaier	 P,	 Guy	 P,	 Tscherne	 H.	 Minimally	 invasive	 plate	 osteosynthesis:	 does	
percutaneous	plating	disrupt	femoral	blood	supply	less	than	the	traditional	technique?	J	Orthop	Trauma	1999;13:401–6.
17.	 Barei	DP,	Nork	SE,	Mills	WJ,	Coles	CP,	Henley	MB,	Benirschke	SK.	Functional	outcomes	of	severe	bicondylar	tibial	plateau	
fractures	treated	with	dual	incisions	and	medial	and	lateral	plates.	J	Bone	Joint	Surg	Am	2006;88:1713–21.
18.	 Canadian	Orthopedic	Trauma	Society.	Open	reduction	and	internal	fixation	compared	with	circular	fixator	application	for	
bicondylar	tibial	plateau	fractures.	Results	of	a	multicenter,	prospective,	randomized	clinical	trial.	J	Bone	Joint	Surg	Am	
2006;88:2613–23.
19.	 Cole	PA,	Zlowodzki	M,	Kregor	PJ.	Less	invasive	stabilization	system	(LISS)	for	fractures	of	the	proximal	tibia:	indications,	
64%26 to 91%.25 In our study, 3 of the 4 patients with 
unacceptable functional outcome were aged ≥60 
years. Elderly patients usually have underlying 
degenerative changes in the joints that is aggravated 
after intra-articular fractures; age is a main predictor 
of functional outcome.27 Nonetheless, treatment 
principles are the same for both older and younger 
patients.28 
 In our study, anatomic outcome was associated 
with functional outcome, except in one younger 
patient who achieved good functional outcome 
despite fair anatomic outcome. Two of the 4 
patients with unacceptable functional outcome 
had Schatzker type-III fractures, whereas all 18 
patients with Schatzker type-V and -VI fractures 
achieved acceptable outcome. Schatzker type-V 
and -VI fractures are usually associated with worse 
outcome.
 MIPO reduces postoperative pain and enables 
early rehabilitation, which improves articular 
cartilage nutrition and healing.29 It is cosmetically 
more acceptable owing to less scar formation.30
 In our study, computed tomography with 
3-dimensional reconstruction was only used to 
evaluate complex injuries. It should have been 
performed for all cases to delineate the fracture 
pattern and guide the operation plan.31 The use 
of more modern implants with locking screws 
and pre-contoured locking plates provide better 
stability and may further improve outcome, 
particularly for the elderly. Patience is important 
for soft-tissue management, particularly when the 
soft-tissue envelope is severely contused. A simple 
anterior spanning external fixator across the knee 
should be considered as an interim measure. Intra-
articular fractures are commonly associated with 
late-onset post-traumatic secondary arthritis if they 
are inadequately treated. Long-term follow-up is 
therefore necessary.32 One limitation of our study was 
a mean follow-up period of 12 months.
 
Vol. 20 No. 1, April 2012	 Minimally	invasive	plate	osteosynthesis	for	tibial	plateau	fractures	 47
surgical	technique	and	preliminary	results	of	the	UMC	Clinical	Trial.	Injury	2003;34(Suppl	1):A16–29.
20.	 Barei	DP,	Nork	SE,	Mills	WJ,	Henley	MB,	Benirschke	SK.	Complications	associated	with	internal	fixation	of	high-energy	
bicondylar	tibial	plateau	fractures	utilizing	a	two-incision	technique.	J	Orthop	Trauma	2004;18:649–57.
21.	 Kumar	A,	Whittle	AP.	Treatment	of	complex	(Schatzker	Type	VI)	fractures	of	the	tibial	plateau	with	circular	wire	external	
fixation:	retrospective	case	review.	J	Orthop	Trauma	2000;14:339–44.
22.	 Chin	TY,	Bardana	D,	Bailey	M,	Williamson	OD,	Miller	R,	Edwards	ER,	et	al.	Functional	outcome	of	tibial	plateau	fractures	
treated	with	the	fine-wire	fixator.	Injury	2005;36:1467–75.
23.	 Stannard	JP,	Wilson	TC,	Volgas	DA,	Alonso	JE.	The	less	invasive	stabilization	system	in	the	treatment	of	complex	fractures	
of	the	tibial	plateau:	short-term	results.	J	Orthop	Trauma	2004;18:552–8.
24.	 Cole	PA,	Zlowodzki	M,	Kregor	PJ.	Treatment	of	proximal	tibia	fractures	using	the	less	invasive	stabilization	system:	surgical	
experience	and	early	clinical	results	in	77	fractures.	J	Orthop	Trauma	2004;18:528–35.
25.	 Oh	CW,	Oh	JK,	Kyung	HS,	Jeon	IH,	Park	BC,	Min	WK,	et	al.	Double	plating	of	unstable	proximal	tibial	fractures	using	
minimally	invasive	percutaneous	osteosynthesis	technique.	Acta	Orthop	2006;77:524–30.
26.	 Partenheimer	A,	Gosling	T,	Muller	M,	Schirmer	C,	Kääb	M,	Matschke	S,	et	al.	Management	of	bicondylar	fractures	of	the	
tibial	plateau	with	unilateral	fixed-angle	plate	fixation	[in	German].	Unfallchirurg	2007;110:675–83.
27.	 Stevens	DG,	Beharry	R,	McKee	MD,	Waddell	JP,	Schemitsch	EH.	The	long-term	functional	outcome	of	operatively	treated	
tibial	plateau	fractures.	J	Orthop	Trauma	2001;15:312–20.
28.	 Hsu	CJ,	Chang	WN,	Wong	CY.	Surgical	treatment	of	tibial	plateau	fracture	in	elderly	patients.	Arch	Orthop	Trauma	Surg	
2001;121:67–70.
29.	 Gausewitz	S,	Hohl	M.	The	significance	of	early	motion	in	the	treatment	of	tibial	plateau	fractures.	Clin	Orthop	Relat	Res	
1986;202:135–8.
30.	 Kankate	RK,	Singh	P,	Elliott	DS.	Percutaneous	plating	of	the	low	energy	unstable	tibial	plateau	fractures:	a	new	technique.	
Injury	2001;32:229–32.
31.	 Mei	JR,	Li	XF,	Zhu	YM,	Luo	B.	Spiral	CT	reconstruction	for	typing	of	tibial	plateau	fracture	to	guide	surgical	therapy	[in	
Chinese].	Zhongguo	Gu	Shang	2009;22:285–7.
32.	 Katsenis	D,	Dendrinos	G,	Kouris	A,	Savas	N,	Schoinochoritis	N,	Pogiatzis	K.	Combination	of	fine	wire	fixation	and	limited	
internal	fixation	for	high-energy	tibial	plateau	fractures:	functional	results	at	minimum	5-year	follow-up.	J	Orthop	Trauma	
2009;23:493–501.
